of diesel with biodiesel produced from oil rape. The results of the study revealed the fact that CO 2 emissions of the blends used are lower than the same emissions produced when powering the engine with diesel fuel. Furthermore, of all blends used in the study, the 15% biodiesel mixture in diesel fuel was marked by a major decrease of CO 2 emissions and of specific fuel consumption.
Introduction
The climate changes occurred in THE recent decades pushed the mankind to realize that the reduction of greenhouse gas effect became a priority for entire humanity. Even from 1997, the Kyoto Protocol has stipulated that the UN member states will seek to enforce a reduction of the greenhouse gas effect with 5, 2% in period of 2008-2012 compared to 1990, especially in case of industrialized countries. In 2012 this Protocol has been extended until 2020 by Doha Amendment in 2012 [1] . The last UN conference on climate issues in Paris, in 2015, reached the agreement of maintaining an average global temperature increment much below 2°C as on the case of preindustrial levels, committing to continue the efforts to curtail it up to 1,5°C [1] . The transportation sector is one of the leading suppliers of greenhouse gases emissions deriving from exhaust gases of propulsion engines and diesel generators (e.g. in case of maritime shipping). At EU level, the transportation sector is responsible for an estimated percentage of 21% of total greenhouse gas emissions, and the proportion is growing [2] .
By promoting the use of renewable energy, EU countries have agreed a greenhouse gas emissions decreasing by 20% till 2020 (compared to 1990) and, also, the improvement of the energy efficiency by bio fuels usage in a percentage of 20% in fossil fuels [3] . Currently, the road transportation is the only meaning of transportation that is regulated from this point of view, using biodiesel mixtures within diesel fuel for the diesel-powered motor vehicles. The main exhaust emissions from diesel engines that contribute to greenhouse gas emissions are CO 2 [2] . DOI: 10.1515 DOI: 10. /kbo-2016 Regarding the effects of biodiesel blending usage in diesel on CO 2 emissions from diesel engines, the scientific literature is divided. Other authors found out that 46% of the analyzed surveys have reported that CO 2 emissions increment when the engine is fuelled with biodiesel, while 38.5% of studies have reported the opposite trend, and 15.4% of researchers reported that diesel rolling engines and the biodiesel ones have similar emissions [4, 5] . The inconsistency of these results may be recorded due to different raw materials properties used to produce the biodiesel, different types of diesel engines on which the tests were performed and different procedures in which the tests were performed [4, 6] . Under these uncertainties regarding the effects of biodiesel upon CO 2 emissions, a laboratory study has been conducted on a naturally aspirated 4-strokes diesel engine, using different mixtures (10, 15, 20, 25, 30 , 40 and 50%) of diesel with a biodiesel. The biodiesel made from rape seeds was chosen for tests because this is the most commonly used biodiesel in Europe; more than 85% of biodiesel is made from rape seeds oil [7] . The purpose of the study was to investigate the effects of biodiesel from rapeseeds-diesel mixture against the CO 2 emissions decreasing as well as the establishment of an optimal blend of biodiesel in diesel, both in terms of reducing CO 2 and fuel consumption.
Material and method
The study on the effects of biodiesel on CO 2 emissions was conducted on the Modular stand Gunt CT159 with a single cylinder engine of 2 kW, a universal load drive and braking one HM365, which has been connected to a computer with a program of data collection created for the platform and performed on the LabView core ( Figure 1 ).
The MGT 5 type gas analyzer, together with the printer, was attached to the stand exhaust. The engine characteristics on which the tests were carried out are shown below in the Table 1 . The concentrations of CO 2 could be determined by means of MGT 5 type gas analyzer. of the fuels used for the tests are shown in Table 2 . In order to carry out laboratory tests, blends of biodiesel with diesel, in concentrations of 10, 15, 20; 25; 30; 40 and 50% were completed. The resulting fuels were marked for identification, depending on the feedstock used, as follows: M (100% diesel -Euro-Diesel, Type 5); B10; B15; B20; B25; B30; B40 and B50 (biodiesel mixed with diesel); Blends with a proportion of Biodiesel of more than 50% were not used in tests, because, according to the specialty literature, diesel engines have to withstand changes of the fuel system.
The tests were performed on the engine from the stand which was sequentially charged both with diesel and with mixtures obtained while there was no load on the engine (2 Nm), but also when the engine had various loads: 3Nm, 4Nm, 5Nm, 7Nm and 8Nm. The real load points used to demonstrate the compliance must be of ± 5% of the rated output, in the selected duty point, apart from the case when the point of loading represents 100%, where the range can be between 0 and 5 % [8] . For example, at the point of loading of 75%, the acceptable range is 70% -80% of the rated output.
Results and interpretations 3.1. Interpretation of the CO 2 emissions variations depending on the load
From the carbon dioxide formation mechanism it results that this is one of the gases exhausted during carbon combustion of the fuel content. Therefore, the CO 2 emissions depend primarily on the concentration of carbon in the fuel. As percentages of carbon concentrations in the different blends of diesel with biodiesel are lower in relation to the concentration of carbon in diesel, then the CO 2 emissions will have lower values.
The experimental results shown in Figure 2 and Figure 3 show that all carbon dioxide emissions increase with the load, but the CO 2 emissions resulted during the diesel test have the highest values, over the whole range of loads, compared to the values registered for blends of diesel with biodiesel, these differences being more apparent at higher loads.
Furthermore, it can be observed that the CO 2 emissions of B15 and B 50 blends, over the entire range of loads, are the lowest in comparison with the emissions produced while powering engine with diesel. This assertion is supported by the results obtained in other tests. Thus, Shirneshan and his collaborators [9] have achieved a significant reduction of CO 2 emissions for B20 blend during the tests carried out on a direct injection four-stroke diesel engine using used cooking oils while Tesfa and his collaborators [4] have also achieved significant reductions of CO 2 emissions for B20 and B50 mixtures during the tests, carried out on a turbocharged direct injection four-strokes diesel engine, using several types of biodiesel. Figure 4 and Figure 5 presents the variation of specific fuel consumption for diesel and blends of diesel and biodiesel depending on load.
The interpretation of the specific fuel consumption depending on load
The figures show that once with the increase of the engine load, the specific fuel consumption drops for all the fuels used in the study.
Moreover, when powering the engine with diesel fuel, the specific fuel consumption has the lowest values especially at medium and maximum loads
The fuel consumption increase, once with the load increase, is due to the decrease in supply of oxygen in the combustion process and therefore to the decreasing ratio air / fuel. Equally, it can be noticed that in the case of diesel and biodiesel blends, the fuel consumption in regard to diesel is higher due to the inferior calorific value of the lower mixtures in relation to diesel fuel [10] .
The exception to this rule is the 15% biodiesel mixture in diesel, where, for loads ranging between 50-90%, has been observed a reduction in fuel consumption compared to diesel, which at a load of 5 Nm (1,32 kW) is reduced by 20% and at 7 Nm (1,8 kW) load is reduced by 26% compared to diesel consumption. 
Conclusions
The purpose of these determinations was to highlight the CO 2 emissions effect in the exhaust gases depending on the engine load, in case of a single cylinder diesel engine, that had been fed by different biodiesel concentrations mixed in the classic diesel fuel as: 10%, 15%, 20%, 25%, 30 %, 40% and 50%. For laboratory tests rapeseed oil biodiesel has been used, being the major type of biodiesel which is currently used on the European market (85%).
After testing, the following conclusions have resulted being further confirmed by the majority of previous research:
• the CO 2 emissions rise together with the load increment, both for diesel and for diesel-biodiesel mixtures;
• the CO 2 emissions is lower than those exhausted in the case of diesel for the whole range of loads;
• the decreases of CO 2 emissions in the case of proportional mixtures to those in diesel fuel are more apparent at higher loads of the engine;
• the most evident differences in CO 2 emissions ratios compared to those in diesel fuel were found in B15 and B50 type of mixtures;
• together with the engine load increment, the specific fuel consumption became lower for all the fuels used in the study. Moreover, for engine loads within a range of 50-90%, the specific consumption has recorded the lowest values for all type of fuels used in the study. The lowest specific consumption has been got for the 15% biodiesel mixture in the diesel fuel.
Following the experimental conducted tests, an optimal mixture of 15% biodiesel within the diesel fuel is noticed, both in terms of reducing the CO 2 emissions for the entire range of loads, but also in terms of the specific final fuel consumption. Since the diesel fuel used in the experimental study contained 5% biodiesel component, it can be asserted that the optimum mixture with the standard diesel is of 20% biodiesel.
In conclusion, it can be stated that the results obtained from experimental conducted tests are in accordance with the results presented in the scientific literature. Moreover, using biodiesel mixed with diesel is a viable method of reducing noxae emissions contained in exhaust gases belonging to the diesel engines.
